A cute respiratory infections (ARIs) are among the most common diagnoses resulting in primary care visits. Although symptomatic respiratory infections are overwhelmingly viral in origin and do not respond to antibiotic therapy, 1,2 patients often receive antibiotics for these illnesses. Direct and indirect costs of these ARIs surpass 25 billion dollars yearly and include visits to medical care providers, fees for medications, decreased productivity, and school or work loss. 3, 4 The increased use of broad-spectrum and newer antimicrobials to ''treat'' ARIs increases the costs of health care and promotes antibiotic resistance. [3] [4] [5] McCaig et al. 5 demonstrated increasing prescription rates of antimicrobials in the United States during the 1980s. In 1997, Gonzales et al. 6 reported that 50 to 70% of adult ARI visits generated an antibiotic prescription. Steinman et al. 7, 8 and Mainous et al. 9 demonstrated excessive use of broad-spectrum antibiotics for predominantly viral illnesses. Educational interventions conducted in single Health Maintenance Organization (HMO) settings and a small number of practices have demonstrated improved antibiotic prescribing. [10] [11] [12] Given the broader concerns for antimicrobial resistance, the Centers for Disease Control and Prevention (CDC) launched a national campaign, in 1995, to reduce antimicrobial resistance through promotion of more appropriate antibiotic use. 13 Information from the CDC and other advisory groups explicitly states that antibiotic treatment of adults with nonspecific upper respiratory tract infections, acute bronchitis, or cough, regardless of duration, does not enhance illness resolution and is not recommended. [14] [15] [16] [17] [18] One of the objectives of this national campaign was to reduce inappropriate antibiotic use. The impact of these national efforts to improve antibiotic prescribing has not been fully evaluated in all populations. We conducted a comprehensive analysis of antibiotic prescribing for adults in office-, hospital-based practices, and emergency departments (ED) from 1995 to 2002 to determine whether antibiotic prescribing for inappropriate indications has decreased and whether there were changes in the use of broadspectrum antibiotics. In addition, as trends in visit rates may influence the population burden of antibiotics, we measured visits and visit-associated antibiotic prescriptions per 1,000 U.S. adults.
METHODS

Data Sources
Information on the utilization of medical services provided by office-based practices is collected in the National Ambulatory Medical Care Survey (NAMCS). Data include patient visits to nonfederally employed medical care providers within private, nonhospital-based clinics, and HMOs. National Ambulatory Medical Care Survey uses a multistage probability sample design to obtain primary sampling units, practices within these sampling units, and patient visits within provider practices. Visits are randomly selected to provide representative visits throughout the year. The data are weighted to estimate the annual number of visits. Visits from Internal Medicine, Family Practice, General Practice, Occupational Health/Preventative Medicine, Geriatrics, Emergency Medicine, or Adolescent Medicine are included in this analysis. During the 8 study years, 190 to 400 providers and 4,100 to 8,868 patient visits were sampled annually, with participation rates averaging 68.2%.
The information on utilization of ambulatory services in hospital emergency and outpatient departments is collected in the National Hospital Ambulatory Medical Care Survey (NHAMCS). Findings are based on a national sample of visits to noninstitutional nonfederal short-stay hospitals. The NHAMCS uses a 4-stage probability sample design involving the selection of primary sampling units in geographically defined areas, hospitals within primary sampling units, ED or outpatient practices within hospitals, and patient visits within ED or outpatient clinics. Hospital staff complete patient record forms for a systematic random sample of patient visits during a randomly assigned 4-week period. Sample data are weighted to determine the number of annual visits. The number of outpatient settings surveyed annually ranged from 360 to 396 for the ED and 174 to 190 for the hospital-based clinics. The total number of visits per year sampled ranged from 15,195 to 26,883 in the ED and 10,157 to 12,016 in the hospital clinics. Participation rates ranged from 80.4% to 91.2%.
The NAMCS and NHAMCS visit forms are completed by each provider and ask for all diagnoses made by the provider. Centers for Disease Control and Prevention staff subsequently assigns the International Classification of Diseases (ICD) codes to all diagnoses. Data are coded and keyed by the Constella group Inc., with data quality control checks by the National Center for Health Statistics. National Ambulatory Medical Care Survey and NHAMCS are conducted by the CDC and the National Center for Health Statistics (NCHS), Division of Health Care Statistics, and National Health Care Survey. Public access data files and detailed documentation about these surveys are available at NAMCS on ftp.cdc.gov 19 or NHAMCS on ftp.cdc.gov. 20 Population trends for visits rates and antibiotics rates were determined by using U.S. census data for adults 18 years and older. The Population Estimates Program publishes total population estimates each year including demographic components (births, deaths, and migration) as well as estimates by age, sex, race, and Hispanic origin. Public access data are available at http://www.census.gov/popest/estimates.php. 21 
Classification of Outpatient Visits
All outpatient visit records for adults aged 18 years and older between 1995 and 2002 were included. The unweighted number of encounters in all the study years was 284,008. Each outpatient encounter had up to 3-coded diagnoses, using ICD 9th revision (ICD9). 22 All outpatient visits were classified into 1 of 4 mutually exclusive groups. (1) ARIs-antibiotics often indicated, (2) Nonrespiratory infections-antibiotics often indicated, and (3) ARIs-antibiotics rarely indicated. Patients with none of these diagnoses were grouped into a fourth category: all other visits (239,839 unweighted visits). We excluded patients with any diagnosis of chronic obstructive pulmonary disease (COPD) or HIV infection, as antibiotics may be indicated for a wider group of respiratory diagnoses for patients with these conditions.
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Antibiotics
We identified antibiotic prescriptions using both trade and generic names. We classified penicillin, amoxicillin, ampicillin, erythromycin, tetracycline, doxycycline, sulfonamides, and trimethoprim as narrow spectrum-agents, and amoxicillinclavulanic acid, cephalosporins, other macrolides, and fluoroquinolones as broad-spectrum antibiotics. This classification strategy is consistent with those used in previous investigations, 9 and included 92% to 96% of oral antimicrobials prescribed in the outpatient settings.
Statistical Analysis
Both NAMCS and NHAMCS files were combined in a single dataset, accounting for the sampling design as recommended by the NCHS. In order to improve the precision of the estimates, individual years were combined in pairs and 4 time periods were defined. All estimates had o30% relative standard error and were based on 30 or more cases in the sample data, which is considered reliable by the standards of the National Center for Health Statistics.
Antibiotic Prescribing for ARI. We estimated the proportion of all outpatient visits and diagnosis-specific outpatient visits that were associated with an antibiotic prescription, and the proportion of antibiotics that were broad spectrum. We used a multiple logistic regression analysis to evaluate time trends in the proportion of visits associated with an antibiotic prescription, using odds ratios (ORs) and 95% confidence intervals (CIs). We determined a priori other covariates in the model based on clinical significance. 21 Rates were generated accounting for both the sampling design and the combination of 2 years. This study was approved by the Institutional Review Board of Vanderbilt University. The funding agency played no role in the design, conduct, analysis, interpretation, preparation, review, or approval of the data, and manuscript.
RESULTS
Antibiotic Prescribing by Diagnosis
Overall, the proportion of visits in which an antibiotic was prescribed decreased from 17.9% to 15.3% during the study period (Table 1) , with antibiotic prescribing for patients with ARIs where antibiotics are rarely indicated falling from 59.9% to 49.1%. Over the same time period, approximately 70% of patients with ARIs where antibiotics are appropriate received an antibiotic prescription. Between 58% and 65% of patients with nonrespiratory diagnoses requiring antibiotics received an antibiotic prescription, but only 6.3% to 6.8% of patients with all other diagnoses received an antibiotic prescription.
After adjusting for potential confounders, a consistent decline in the proportion of all visits in which an antibiotic was prescribed was observed over the study period. Compared with 1995 to 1996, the proportion of visits associated with an antibiotic prescription was lower in 1997 to 1998 (adjusted OR 0.89; 95% CI 0.81 to 0.98), 1999 to 2000 (adjusted OR 0.85; 95% CI 0.76 to 0.94), and 2001 to 2002 (adjusted OR 0.84; 95% CI 0.76 to 0.92). When each diagnostic category was examined for a reduction in antibiotic use, a significant decline in antibiotic prescribing was observed only for ARIs where antibiotics are rarely indicated. There was no consistent decrease in antibiotic prescribing associated with the other diagnostic categories (Fig. 1) .
Antibiotic Prescribing by Location of Care
We examined antibiotic prescribing for ARIs in which antibiotics are rarely indicated in all 3 outpatient settings. Antibiotic prescribing from 1995-1996 to 2001-2002 decreased from 57.8% to 50.6% in the ED and from 60.9% to 48.9% in office-based clinics, whereas, there was little change in prescribing associated with hospital-based clinics (Table 1) 
Antibiotics Prescribed for Each Diagnostic Category
The percentage of broad-spectrum antibiotics prescribed for each diagnostic category increased over time (Fig. 3) . The largest net increase, 35.7%, was for ARIs where antibiotics were rarely indicated. In this category, broad-spectrum antibiotic prescribing increased from 41.0% of all antibiotics prescribed in 1995 to 1996 to 76.8% of all antibiotics prescribed in 2001 to 2002. For ARIs where antibiotics are often indicated, broadspectrum antibiotic prescribing increased 23.8% from 43.5% of prescriptions to 67.3% of prescriptions. In the nonrespiratory infections category where antibiotics are often indicated, broad-spectrum use increased 21.5% from 49.6% to 71.1%.
Population-Level Analysis
There was a 17.3% relative increase in outpatient visits between 1995 to 1996 and 2001 to 2002. Over the study period, the absolute number of antibiotics prescribed during outpatient visits fluctuated, with a decrease between 1995 to 1996 (Table 2) . With increasing numbers of visits and decreasing numbers of prescriptions per visit, the overall number of antibiotics prescribed during outpatient visits for the U.S. adult population changed little over the study period.
DISCUSSION
This study demonstrates that between 1995 and 2002, there was a significant decline in the proportion of outpatient visits that resulted in antibiotics prescribed for U.S. adults. Moreover, our analyses show that this decline was because of a decrease in the proportion of antibiotic prescriptions written for ARIs where antibiotics are rarely indicated. However, despite the observed decline in antibiotic prescribing per health care visit, the use of broad-spectrum antibiotics increased in each diagnostic category, with the largest increase in the category of ARIs where antibiotics are rarely indicated. Financial returns on broad-spectrum antibiotics far exceed the return on narrow-spectrum antibiotics for pharmaceutical companies. 27 Directed marketing to both providers and patients may have contributed to the increase in prescribing of more costly and broader-spectrum antimicrobials. 27, 28 The decrease in antimicrobial prescribing is consistent with the results reported by McCaig et al. 29 in adults and similar to our findings and others in children. 30, 31 This study offers additional evidence that the decrease in antimicrobial prescribing between 1995 and 2002 was because of a decrease in prescribing for ARIs where antibiotics are rarely indicated, suggesting that national educational efforts about appropriate antibiotic prescribing have had a positive effect. While visits rates for this category decreased modestly, there was a relatively large decrease in antibiotic prescriptions associated with these visits. There was no evidence for a shift in coding during the study period to ARIs or other infections where antibiotics are often indicated, because visits for these diagnoses did not change significantly. The finding of reduced antibiotic prescribing for inappropriate indications is encouraging given that antibiotic resistance and health care expenditures are reduced when practitioners limit inappropriate antibiotic prescribing. 32 Antibiotic prescribing associated with all other visit categories either decreased or remained stable over the study period. However, because overall visits increased substantially, there was virtually no change in the overall numbers of antibiotics prescribed during medical care visits. Our study has several limitations. The NAMCS and NHAMCS data are collected through a survey of practitioners' records, and the appropriateness of an antimicrobial prescription cannot always be assessed because of the inability to link to a specific diagnosis. Practitioners were given the ''benefit of the doubt'' and appropriate antibiotic use was assigned if one of the diagnoses in which antibiotics were appropriate were listed. Another limitation of the study was the exclusion of persons with COPD and AIDS as well as those cared for at federal hospitals from the numerator, but not from the denominator. This will consistently underestimate the rates of antibiotics prescribed, but should have minor effects on trends seen over time.
Given the large number of visits and the inclusion of a representative sample of outpatient clinics and ED settings in the United States, our findings that antibiotic prescribing has declined for adults with ARIs in which antibiotics are rarely indicated are positive. However, many opportunities for improving antibiotic prescribing remain. If there were no further antibiotics prescribed for respiratory diagnoses where antibiotics are rarely indicated, there would be 53 fewer antimicrobial prescriptions per 1,000 adults in the United States. Antibiotic prescribing, however, would still be substantial. In fact, 6% of visits in which there is no diagnostic indication of infection resulted in an antibiotic prescription; in order to have a population-level impact on the absolute number of antibiotics prescribed, further studies are needed to explain the reasons why antibiotics are prescribed during these types of visits.
To maximize appropriate antibiotic utilization, new approaches may be needed. For example, new and improved viral and bacterial vaccines could reduce respiratory infections and subsequent antibiotic use. 30, 31, [33] [34] [35] [36] [37] Another approach is to identify situations where treatment with ''watchful waiting'' is 
